Background: Obesity increases the risk for a number of solid malignant tumours. However, it is not clear whether body mass index (BMI) and height are associated with the risk of primary tumours of the central nervous system (CNS).
Primary central nervous system (CNS) tumours are a heterogeneous group of benign and malignant neoplasms arising from different cell types. Among adults, these tumours account for 3.0-3.5% of all cancers (CBTRUS, 2012) . The overall annual incidence of primary CNS tumours is about 20 per 100 000 person-years (CBTRUS, 2012; Kreftregisteret, 2011) . The four most common primary CNS tumours in adults include meningiomas (34.7%), gliomas (30%), pituitary adenomas (13.5%) and nerve sheath tumours (8.5%) (CBTRUS, 2012) . Gliomas are intrinsic CNS tumours derived from glial cells. Highly malignant glioblastomas are the most common type, with a median survival of about 10 months (Ronning et al, 2012) . Meningiomas are extrinsic and most often benign CNS tumours arising from the meningothelial cells of the arachnoid. Schwannomas are the most common nerve sheath tumours and arise from the Schwann cells, which myelinate peripheral nerves. For the majority of meningiomas and schwannomas radical surgery is curative.
The risk of CNS neoplasms increases with age and a minority of tumours is associated with rare genetic syndromes (Bondy et al, 1994; Inskip et al, 1995; Preston-Martin, 1996; Fisher et al, 2007) .
Meningiomas are more than twice as common in women than men, whereas gliomas are more common in men. Caucasians have a higher incidence of gliomas compared to African-Americans, but the incidence of meningiomas is higher in African-Americans than in Caucasians (Chakrabarti et al, 2005; Ries et al, 2011; CBTRUS, 2012) . The only known modifiable risk factor for meningiomas, gliomas and schwannomas is exposure to ionising radiation (Inskip et al, 1995; Umansky et al, 2008) .
High body mass index (BMI) is a major risk factor for a number of diseases, including cancer of the endometrium, colon, breast (postmenopausal) and kidney (Renehan et al, 2008) . In relation to brain tumours, results of anthropometric factors have been inconsistent (Tulinius et al, 1997; Calle et al, 2003; Oh et al, 2005; Parr et al, 2010; Edlinger et al, 2012) . Whereas several recent prospective cohort studies suggested a positive association of BMI with meningioma risk (Jhawar et al, 2003; Benson et al, 2008; Johnson et al, 2011; Michaud et al, 2011) , another did not support this association (Helseth and Tretli, 1989) . Height was positively associated with glioma risk in two recent prospective cohort studies (Benson et al, 2008; Moore et al, 2009 ), but the association was not confirmed in another study (Michaud et al, 2011) . In one cohort study, obesity at the age of 18 years was positively associated with glioma risk later in life (Moore et al, 2009) .
On this background, we used data from a large populationbased cohort to examine the association of BMI and height with the risk of meningioma, glioma and schwannoma. [1984] [1985] [1986] , a general health survey was conducted among men and women aged X20 years in Nord-Trøndelag County (HUNT 1) in Norway. Among 85 100 eligible persons, 77 310 (90.8%) returned the questionnaire that was mailed with the invitation (questionnaire 1). A total of 74 977 (88.1%) participants attended the subsequent physical examination that included standardised measurements of height and weight. At the examination, participants received a second questionnaire, including items on life-style factors and medical history, which was to be filled in at home and returned in a prestamped envelope. The HUNT study is described in detail elsewhere (Holmen et al, 1991) and details of the questionnaires can be found on the HUNT study's website (www.ntnu.edu/hunt).
MATERIALS AND METHODS

During
Information on BMI was available in 74 339 (87.4%) participants. Among these, 72 were excluded because of prevalent primary CNS tumours and 25 because of missing follow-up data. Thus, 74 242 (87.4%) individuals constituted the study population and were followed-up for primary CNS tumour incidence from the baseline measurements until the end of follow-up, 31 December, 2008.
Every Norwegian citizen has a unique 11-digit ID number, which enabled individual linkage to incidence data at the Cancer Registry of Norway. The topography codes (International Classification of Diseases, 7th Revision, ICD-7) that were used included C70 (meninges), C71 (brain), C72 (spinal cord, cranial nerves and other parts of the CNS). The information on CNS tumours in the Norwegian Cancer Registry is based on mandatory reporting from clinicians and pathology departments, as well as death certificates, hospital discharge data and radiotherapy data. We defined subgroups of CNS neoplasms using ICD-O-3 histology codes (International Classification of Diseases for Oncology, Third Edition) 9380-9480 for gliomas, 9530-9539 for meningiomas and 9560 for schwannomas.
Standardised measurements of height (in cm) and weight (in kg) were performed at the baseline clinical examination, and BMI was calculated as weight divided by height squared (kg m À 2 ) and categorised as o20, 20-24.9, 25-29.9 and X30 kg m À 2 . Physical activity (that is, walking, skiing, swimming or other sports) was assessed as frequency of the activity per week. Age was categorised as 20-29, 30-39, 40-49, 50-59, 60-69 and 470 years. Marital status was divided into four categories: married, unmarried, widowed or divorced/separated. Level of education was categorised into three levels according to duration: o10, 10-12 or 412 years of school. Further, participants were categorised into three levels of smoking (never, former or current) and into five categories of alcohol drinking (0, 1-4, 5-10, 410 times during the last 2 weeks or 'total abstainer').
The Regional Committee for Ethics in Medical Research and the Norwegian Data Inspectorate approved this study.
Statistical analysis. Follow-up time was calculated as person-years from the date of clinical examination until the date of primary CNS tumour diagnosis (meningioma, glioma or schwannoma), emigration, death from any cause or until the end of follow-up at 31 December 2008, whichever occurred first. Patients with CNS tumours other than the ones that were considered as end points in the analysis were excluded.
Cox proportional hazard regression was used to calculate age-and sex-adjusted and multivariable hazard ratios (HRs) with 95% confidence intervals (CIs). Covariates, identified as independent risk factors of CNS tumours in previous studies, were included in the model whenever available in the data. Further, covariates were included that could potentially influence BMI, including smoking, alcohol use, physical activity and socio-economic status. Several models were fitted, ranging from simple age-and sex-controlled models to multivariable models. Interactions were evaluated by including appropriate product terms in the model. Covariates that did not substantially change the estimated HRs were excluded from the final model. Linear trends were tested using categories of BMI as described above and per 10 cm increase in height. In the trend analyses, these factors were treated as ordinal scores.
The proportional hazard assumptions were tested by plotting the logarithm of the integrated hazards (log-log survival plots) and by Schoenfeld tests, and found to be satisfied. STATA statistics software Version 12.1 (StataCorp, College Station, TX 77845, USA) was used for statistical analysis.
RESULTS
During 23.5 years (median, range 0-25) of follow-up of 74 242 individuals, 148 incident gliomas, 138 meningiomas and 39 schwannomas were identified. Baseline characteristics of the study population are described in Table 1 . Diagnosis was based on histology in 140 (95%) gliomas, 81 (59%) meningiomas and 18 (46%) schwannomas, and the remaining tumours were diagnosed based on radiology. Tumours incidentally found at autopsy were excluded from the study.
Age-and sex-adjusted HRs for each specific tumour type by BMI and height are shown in Table 2 . Multivariable analysis, also including level of education, marital status, usual physical activity level, smoking status and usual alcohol consumption did not substantially influence the associations for meningiomas and gliomas, and the multivariable estimates for these tumour subgroups are not presented. Smoking status was significantly associated with schwannoma risk and was included in the final model for this tumour subgroup. Further, we tested for interaction between BMI and sex in relation to meningioma risk, and confirmed a significant interaction (Po0.02). Therefore, sexspecific analyses were conducted for the meningioma subgroup.
Thus, there was a positive association per BMI category among women and the risk of meningioma (HR 1.27, 95% CI: 1.00-1.62; P-trend ¼ 0.05) ( Table 3 ). The HR for obese women (BMIX30) compared with the reference group (BMI 20-24.9) was 1.68 (95% CI: 0.97-2.92). For height, there was a weak inverse association that was not statistically significant (Table 3) . Among men, neither BMI nor height was associated with the risk of meningioma (Table 3) .
For glioma risk, there was no evidence for any association with BMI or height in our data.
In the analysis of schwannoma risk, there was a not significant negative association of BMI (HR 0.69, 95% CI: 0.43-1.11; P-trend ¼ 0.13), but no association of height (Table 2) .
In a separate exploratory analysis, we dichotomised BMI to increase statistical power. We found that overweight/obesity (BMI X25) was associated with about half the risk of schwannoma compared to having a BMI o25 (HR 0.48, 95% CI: 0.23-0.99) ( Table 4) .
Changes in BMI may be due to a preclinical effect of malignant disease. To control for this possible bias, a follow-up time p5 years was excluded from the analysis, affecting 4 schwannoma and 12 meningioma cases. However, the estimated effects related to schwannoma in both genders (5 years follow-up excluded: HR 0.46, 95% CI: 0.22-0.99 compared with HR 0.47, 95% CI: 0.23-0.97) and meningioma in females (5 years follow-up excluded: HR 1.30, 95% CI: 1.00-1.69 compared with HR 1.27, 95% CI: 1.00-1.62) remained stable.
In a sensitivity analysis restricted to schwannomas in both genders and meningiomas in women diagnosed by morphology only, the point estimates of the associations of BMI were nearly identical to the results that also included tumours diagnosed by radiology. However, the precision of the estimates was substantially reduced, as indicated by the wide CIs (data not shown).
DISCUSSION
In this prospective follow-up of a large population-based cohort, we found that BMI among women, but not in men, was positively associated with the risk of meningioma. Thus, obese women had a 68% increased risk of meningioma compared with normal weight women (BMI of 20-24.9 kg m À 2 ). Further, results were suggestive of an inverse association between BMI and the risk of schwannoma. There was no evidence for any association between BMI and height and the risk of glioma in this study.
It is a major strength of this study that 87.4% of the eligible adult population participated, suggesting that the participants are fairly representative for the underlying population of NordTrøndelag county in Norway. In relation to many key indicators, this county is also quite representative for Norway as a whole (Holmen et al, 2003) . Another strength of the study is that the anthropometric factors were measured as part of the physical examination, and not self-reported.
Incidence data in the Cancer Registry of Norway is of high quality, including completeness and validity (Larsen et al, 2009 ). On the basis of these data, we could assess risk among subgroups of CNS tumours. Accordingly, 95% of the gliomas, 58% of the meningiomas and 46% of the schwannomas were diagnosed by histological examination, whereas the diagnoses of the remaining tumours were based on radiological examination. Although the sensitivity and specificity of radiological diagnosis is high for meningiomas and schwannomas, the method has limited value for further tumour classification and grading (Bydder et al, 1985; Elster et al, 1989; Wilms et al, 1989; Schorner et al, 1990) . Another weakness of this study was that data on incident cancers other than CNS tumours were not available. These individuals could therefore not be censored but remained in the analysis.
Changes in BMI during follow-up may be a concern and could not be assessed in this study. Also, meningiomas and schwannomas are slow growing tumours that may not be detected early in the course, but could nonetheless have influenced body mass before being diagnosed. To reduce this possible bias we excluded incident tumours during the first 5 years of follow-up, but the estimated effects related to schwannoma and meningioma risk remained stable. Yet another concern may be that our findings could reflect the increased surveillance of obese individuals due to increased co-morbidity that may lead to more frequent radiological exams in this group. To minimise this potential bias, we restricted the analysis to tumours diagnosed by histology, but found no substantial difference in the estimates of effect. This did not change the HRs for schwannoma or meningioma, but reduced the power of the analysis.
A limitation of this study is that BMI was the only measure for adiposity, as data on waist and hip circumference were not available in the HUNT 1 study. An association between waist circumference and meningioma risk could have strengthened the finding of an association with adiposity as measured by BMI. The positive association of BMI with meningioma risk among women has also been observed in four other cohort studies (Jhawar et al, 2003; Benson et al, 2008; Johnson et al, 2011; Michaud et al, 2011) , but the results between studies vary both in magnitude and precision. In the Million Women study, obese women (BMI X30) were at 40% higher risk compared to women with BMI o25 (HR 1.40, 95% CI: 1.08-1.87), and in the EPIC study, there was a similar risk increase in obese women (HR 1.48, ). In the Nurses' Health Study, a BMI X25 was associated with 61% higher risk of meningioma compared to women with BMI o25 (HR 1.61, 95% CI: 0.96-2.70). In the Iowa Women's Health Study, however, the association of BMI was substantially stronger, though with some variation according to the initial questionnaire in 1986 (HR 2.14, 95% CI: 1.36-2.36) and follow-up questionnaire in 1992 (HR 1.91, 95% CI: 1.21-3.01) for women in the BMI category 30-34.9 compared with the reference (18.5-24.9 kg m À 2 ). Among these cohorts, only the EPIC study has reported results for men, suggesting a positive, but not statistically significant association with BMI. We could not find any association between meningioma risk and BMI in males, but the results must be interpreted with caution owing to small numbers.
Body mass index is closely correlated with body fat mass, and adipose tissue is highly endocrine active (Spiegelman et al, 1992) . Higher body fat volume has been associated with higher levels of estrogens, androgens and insulin-like growth factor (Hankinson et al, 1995; Cleary and Grossmann, 2009) . Case reports have suggested that meningiomas may progress during pregnancy and after long-term therapy with progesterone agonists (Saitoh et al, 1989; Wan et al, 1990; Ismail et al, 1998; Gruber et al, 2004) . In vitro studies have shown proliferation of meningioma cells that were exposed to progesterone and oestrogen (Speirs et al, 1997) and the incidence of meningiomas is about twice as high in women than men (Kreftregisteret, 2011; CBTRUS, 2012) . These findings suggest that endogenous hormones may be involved in the development or progression of meningiomas, where higher levels of estrogens and growth factors in obese women may enhance tumour growth. Unfortunately, a detailed analysis of hormonerelated factors (i.e., reproductive history, hormone replacement therapy and menopausal status) could not be assessed in this population.
We could not confirm the previously reported positive association between height and meningioma risk. However, previous results were inconsistent, and the precision of the estimated effects of height has been low, suggesting that the reported associations may be likely due to chance (Helseth and Tretli, 1989; Benson et al, 2008; Johnson et al, 2011; Michaud et al, 2011) . Height has also been positively associated with glioma risk in some, but not in other studies (Benson et al, 2008; Moore et al, 2009; Michaud et al, 2011) . In our data, there was no evidence for any association of height with the risk of glioma.
To our knowledge, no previous study has assessed anthropometry and schwannoma risk. It is a rare disease, but in spite of small numbers, our results were suggestive of a negative association between BMI and the risk of schwannoma. We also found smoking to be negatively associated with the risk of schwannoma. In a population-based case-control study current smoking was also inversely associated with schwannoma risk (Schoemaker et al, 2007) . However, data on BMI was not included. A recent population-based cohort study by Benson et al (2010) confirmed the inverse association with current smoking status. As smoking is negatively associated with BMI, the inverse association of BMI with risk of schwannoma may have been confounded by smoking. However, the inverse association persisted after controlling for smoking, and the trend was even stronger than in the age-and sexadjusted model. Smoking has been shown to decrease the risk of oestrogen-dependant tumours like endometrial and postmenopausal breast cancer. The finding that parous women also have a higher risk of schwannoma (Schoemaker et al, 2007) and the fact that schwannomas may express hormone receptors (Siglock et al, 1990; Filipo et al, 1995; Carroll et al, 1997 ) may strengthen the hypothesis that endogenous hormones have a role in schwannoma development. However, our results of a negative association with body mass is not completely in line with this hypothesis. Smoking may also delay the diagnosis schwannoma as smoking is associated with impaired hearing (Cruickshanks et al, 1998) . This may therefore camouflage the hearing loss associated with schwannoma development in smokers, leading to detection bias. Finally, results in this tumour subgroup are based on small numbers, and we cannot completely rule out that findings may be due to chance.
In most epidemiological studies, primary CNS neoplasms have been considered as one entity. However, these tumours have different embryological origins and their carcinogenesis may therefore differ. In line with this, our results show different associations of anthropometric measures with different tumour subgroups. Further studies should therefore distinguish between subgroups of tumours and avoid using CNS tumours as one entity.
Our results confirm that there is a positive association of BMI with meningioma risk in women, and our results also suggest an inverse association between BMI and the risk of schwannoma.
This work is published under the standard license to publish agreement. After 12 months the work will become freely available and the license terms will switch to a Creative Commons AttributionNonCommercial-Share Alike 3.0 Unported License.
